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.prRINCIPAL INVESTIGATOR | Dr. Jeffrey H. Miller

AINSTITUTIQN 3n1ver51ty of California;‘Los Angeles

rGRANT TITLE Syngenomlcs Applled to the Tryptophan
Blosynthetlc Pathway S

Qk;AWARD PERIOD 33 November 2000 - 30 November 2002

kg]OBJECTIVE‘ To add hew capacrtles to a standard mlcroorganlsm;'
‘ Escherzchla coli by 1ncorporat1ng genes from dlfferent B
~ sources. - ~ T ‘ '

"*~APPROACH' We have several approaches to reach the flrst
" milestone in a long ranglng project: - The first involves - =
- finding out which: foreign organisms can express their DNA in
E. coli wzthout additional genetic- engineering. In order tof

’achleve this we dec1ded to use the tryptophan synthetase A

~gene as a model gene to express and monitor. The second

‘approach is to- develop ‘methods to 1ncorporate large segments

of foreign DNA into E. coli, initially via plasmlds and
subsequently as part of the chromosome. A third approach is

to screen foreign genomes for DNA segments that When expressed'
, lﬁ E. coll show dramatlc effects . S

':ACCOMPLISHMENTS Flrst ‘we tested the expresszon of
tryptophan synthetase A in E. coll from different genomic =
~sources by examing cloned DNA fragments. We monitored the =
rability of ‘each cloned gene' to complement a tryptophan
‘synthetase’ A def1c1ent strain of E. coli. The mlcroorganlsms,
‘that by thls and other criteria- were able to express thelr

,",genes with their own promoter operatlng in E. coli were:
“1,,Campylobacter ‘Jjejuni, Lactococcus lactls,: Hellcobacter
'{;pyiorz, and Pseudomonas - aeruginosa. Those failing to express

in E. 'coli under their own promoter include: Caulobacter ,
acetobutyllcum, Aqulfex aeoizcus, Bacrllus subtllls, and ‘

'-;Haemqphllus 1nfluenzae

. “We have completed a blolnformatzcs study of the exzstlng
- sequenced mlcrob1a1 ‘genomes, currently 86, 1nclud1ng one .
“sequenced in our laboratory We researched the blosynthetzc
‘pathways to generate a database of the potentlal metabolic

voienglneerlng pathways compatible with E. coli.  From this we

) determlneé that ultlmately, flndlng ways of 1ncorporat1ng o
large DNA- fragments into E. coli is the best way to enganeer

‘s"e‘straans w1th new multlple capactltles We are therefore




;deVeloyinggmethcdS'tO»generate E. coli strains with large =
inserts of foreign DNA. _In addition to chromosome integration
[<System5'acquireé(frcm,other;investigators, we have also - -
'déveloped'our;own'plaSmid,‘pHybrid,'thatjis;a modified’ :
bacterial‘artificial‘chrcmosome;vector.,‘This.wculdfallow us
to incorporate 100-300kb segments of foreign DNA into the
~Chrcmosome»?ia.genejreplacement;cf:the 100 genes covered by a
- viable gpt-lac deletion. Initially, we have gerierated BAC

~ clones from:Lactococcus lactis genomic DNA (the entire

- sequence of ‘L. lactis is known) as a proof of principle, with
- segments of up to 50 kb, sequenced- the ends, and are now

© putting these into the E. coli chromosome. R

‘As an additional approach, we screened. Sau3Al partial digest
‘libraries, 3-5 kb in length, cloned into a multicopy vector,
'erEEXprESsion~in E. coli that resulted in dramatic phenotypic
- differences. We focused initially on those that created
‘mutator effects by using an indicator strain that generates
‘blue papillae in response to frameshift mutators. We examined
large numbers of clones generated from the genomic digests of
- both Lactococcus lactis and Pseudomonas aeruginosa and found
-several clones from each. organism that produced mutator '

. effects. Sequencing these clones revealed the identity of the
~genes that increased the E. coli mutation rate when B
~Overexpressed in E. coli. The genes. from Lactococcus lactis
‘that showed these effects were the uvrA gene, rnhA, an - E
~ unassigned open reading frame, and a truncated dnad gene. The
*clonesifromfPseudcmonas aeruginosa that created the mutator -
k‘phenétYpe'ali.expressed the nka,genefra'regulatér‘of’akmnlti-
drug resistance pathway. Tﬁis,latterﬂresult-haS‘SQme' ST

~-provocative implications. " S R ‘

CONCLUSIONS: DNA from a variety of organisms can be -expressed
- in Escherichia coli, providing a treasury of ‘genes from which
to*use;to;buildunew capacities‘fcr'a‘multifpotent L
- microorganism. Although additional engineering can allow the

-use. of genes and sets of genesffrbm»anfevénfWidercarray‘off :

“microorganisms, . his'aéditicnal»ste§:cr'steps is not required

" at the present time. “Analysis,of,pathwaysafrcmﬁmany different '

v.sequenced~genomes indicates that bringing large fragments of .

»}gencmesj(50—300 kb)'intcfan:organism such as E. coli is S
‘required‘to:provide'whcle,pathWays fdr'metabcliC'engineeringg,~'

' .Genes from other organisms can generate interesting phenotypes

jfinfE..coliithatfcan be used in screening and;sélection,4asxwas
'gjdone“fo;”ﬁutatdrs;arising‘frqm inserting Pseudomonas s
- @eruginosa and Lactococcus lactis DNA. This can be used as a .

"shortCut]for‘finding“important genes. - - B

SIGNIFICANCE: Our studies have laid the groundwork for

'-building.microorganismsﬁwith'increased'capééities,~u$ing E.

© coli-as the‘sample micro0rganism"fGeneS»from'other ‘




ﬂmlcroorganlsms can express 1mportant phenotypes :and methoés

for incorporating very large fragments can outline a plan forg;5:
‘introducing multiple capacztzes into a 51ngle organism. The L

- finding that expressing a regulatcr of mnltldrug re51stance
from another organism, in this case the nfxB gene from
Pseudomonas aerug:nosa, creates a mutator phenotype in
;ESCherzchza coli is tantallzlng, sznce it suggests a =
relatlonshlp between acquisition of drug resistance and the
- induction of high mutation rates that may have profound
~1mpllcatlcns for antlbzotlc use ané dlsease control
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